The room temperature absorption intensities of Er 3+ ͑4f 11 ͒ transitions in synthesized Er 3+: Y 2 O 3 nanocrystals have been analyzed using the Judd-Ofelt ͑J-O͒ model in order to obtain the phenomenological intensity parameters. The J-O intensity parameters are subsequently used to determine the radiative decay rates, radiative lifetimes, and branching ratios of the Er 3+ transitions from the upper multiplet manifolds to the corresponding lower-lying multiplet manifolds 2S+1 
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I. INTRODUCTION
Simple as well as novel methods of synthesis and optical characterization of luminescing rare earth ͑RE͒ ions doped in nanocrystalline host have led to their growing use in numerous applications. [1] [2] [3] The fluorescing properties of some of these nanocrystals provide labels that allow for time resolved fluorescence imaging for quantitative detection of antigens as well as tissue-specific transcripts for noninvasive, real time, in vivo diagnosis of various diseases. 4 Although the luminescent organic dyes and, more recently, semiconductor quantum dots ͑QDs͒ are being used as fluorescent tags, their toxicity is being questioned for usefulness in biological applications. 5, 6 Therefore, the nanocrystals and their aggregates of RE ion-doped oxides could be an alternative to the use of fluorescing organic dyes and semiconductor QD; these RE-based nanocrystals have the prerequisite properties as optical probes, yet they lack the toxic nature of the organic dyes or QD. More importantly, the nanocrystals and their aggregates of RE ion-doped oxides are capable of attaching to a variety of surfaces, physically and chemically. 3, 7 Among the RE ions, some have strong sharp-line emission in the near infrared produced by excitation of energy levels in the visible and ultraviolet regions. The large energy gap between absorption and emission allows for high sensitivity detection at wavelengths transparent in biological tissues. The high quantum yields, relatively long fluorescence lifetimes, and photostability of RE ion-doped oxide nanocrystals have been demonstrated recently using Eu 3+ as the taggant. 8 Over the past decade, there has been a considerable interest in high-power, high-energy eye-safe lasers operating near 1.5 m, the so-called eye-safe laser wavelength, that would offer applications, including range-finding, flash lidar, and other remote-sensing possibilities. Trivalent erbium Er 3+ ͑4f 11 ͒ has long been considered to be an important activator or sensitizer in many midinfrared solid-state lasers. [12] [13] [14] [15] [16] The visible laser emissions can also be achieved from Er 3+ through energy up-conversion mechanisms in cladded fibers of glasses and single crystals. [17] [18] [19] [20] [21] [22] Author to whom correspondence should be addressed; electronic mail: dsardar@utsa.edu mined using energy dispersive x-ray microanalysis. Separate chemical and optical methods confirmed these results and indicated that the Er/ Y ratios were within 10% relative to the proportions of the ions in the initial solutions. The detailed spectral analysis reported in the present study confirms the crystal structure as cubic by its similarity to the spectra of Er 3+ :Y 2 O 3 in bulk crystals, whose structure was investigated in detail earlier by Kisliuk et al. 25 The morphology of the nanocrystals was determined by using scanning electron microscopy ͑SEM͒. The SEM micrograph showed the particles to be uniform in size and spherical in shape, suggesting that polycrystalline aggregates of nanocrystals are formed. Aggregates having a diameter of about 200 nm could be made smaller depending on the relative proportion of the ErCl 3 and YCl 3 salts in the solution prior to the onset of precipitation as well as the rate of formation of the OH − ions. The nanocrystals were prepared for optical studies by first mixing the powder of nanocrystals with epoxy. The mixture was then spread on the surface of a glass microscope slide, cured, and polished for optical measurements.
II. MATERIALS AND METHODS

Nanocrystals
The room temperature absorption spectra of Er 3+ :Y 2 O 3 nanocrystals were recorded using an upgraded Cary model 14R spectrophotometer controlled by a computer. The room temperature spectrum is given in Figs. 1 and 2, ranging from 400 to 580 nm and from 600 to 830 nm, respectively, and consists of six Er 3+ ͑4f 11 ͒ absorption bands observed near 409.3, 455.2, 491.0, 536.0, 655.0, and 804.9 nm, which involve eight multiplet manifolds 2S+1 L J . The spectrum was taken at 0.2 nm intervals, and the spectral bandwidth was automatically maintained at about 0.05 nm for all measurements below 900 nm.
The room temperature fluorescence spectrum for the 4 I 13/2 → 4 I 15/2 transition from the sample was taken between 1525 and 1535 nm by exciting the Er 3+ :Y 2 O 3 nanocrystals with the 514.5 nm from a Spectra Physics argon ion laser ͑model 2005͒. The fluorescence spectrum was analyzed by a SPEX scanning monochromator ͑model 1250M͒ equipped with a 600 grooves/ mm grating blazed at 1.0 m. The signals were detected by a liquid-nitrogen-cooled germanium detector. The spectral resolution was better than 0.1 nm for all measurements and the wavelength reproducibility of the monochromator is less than 0.01 nm. A computer was employed to control the monochromator and to acquire and analyze the data. The room temperature fluorescence spectrum of Er 3+ :Y 2 O 3 nanocrystals is shown in Fig. 3 The radiative lifetimes of these levels are determined by using Eq. ͑2͒ and are given in Table III .
The fluorescence branching ratios ␤͑J → JЈ͒ are determined from the radiative decay rates by using the following expression:
The values of the branching ratios for Er 3+ transitions in Er 3+ :Y 2 O 3 nanocrystals are given in Table II .
B. Emission cross section
The room temperature emission cross section of the 4 where is the wavelength at the peak emission, is the wave number, ␤͑J , JЈ͒ is the fluorescence branching ratio for the transition from the upper manifold J to the lower manifold JЈ, J is the radiative lifetime of the excited manifold 4 I 13/2 , and g͑͒ is the line shape function. The line shape function is obtained from the fluorescence spectrum using the following expression:
where I͑͒ is the intensity at . The line shape function for the 4 I 13/2 → 4 I 15/2 intermanifold transition can be determined by dividing the peak intensities I͑͒ by the integrated areas of the respective fluorescence spectrum. The value of g͑͒ obtained from Eq. ͑5͒ and the values of radiative lifetime, intermanifold branching ratio, , and n were applied to Eq. ͑4͒ to determine the emission cross section for the Er 37 supports this conclusion.
In conclusion, we report here an inexpensive method to prepare nanocrystals of Y 2 O 3 doped with Er 3+ ions. A detailed spectroscopic analysis of the nanocrystals indicates that the material has optical properties similar to those reported for single crystals grown by a flame fusion method. 11, 15 Photostability is maintained in the nanocrystalline aggregates. The nanocrystals can be easily attached to the different surfaces either chemically or physically, thereby suggesting that they will have potential for numerous technological applications. 11 Comparing the measured fluorescence lifetime for the Er 3+ 4 I 13/2 → 4 I 15/2 transition in Er 3+ :Y 2 O 3 nanocrystals to that in other oxide hosts, such as well-known Y 2 Al 5 O 12 ͑10 ms͒, it can be suggested that this nanocrystalline material has a potential not only as an activator in the near infrared region, but also as a phosphor.
